A dot blot hybridization procedure with 32P-labeled whole chromosomal DNA of the type strains as probes was developed as a rapid and simple method for identification of intestinal Bacteroides species. Bacterial cells were fixed onto membrane ifiters by slight suction, treated with 0.5 N NaOH, and hybridized with these probes. There has been much speculation on interrelationships between diet, intestinal bacteria, and colon cancer (for a review, see reference 13). Studies in this area have been hampered by the lack of a rapid, simple assay for identifying and enumerating the species of intestinal bacteria and for analyzing large numbers of specimens. Conventional procedures for identifying bacterial species, especially in the case of anaerobes, are cumbersome and time consuming (5).
There has been much speculation on interrelationships between diet, intestinal bacteria, and colon cancer (for a review, see reference 13) . Studies in this area have been hampered by the lack of a rapid, simple assay for identifying and enumerating the species of intestinal bacteria and for analyzing large numbers of specimens. Conventional procedures for identifying bacterial species, especially in the case of anaerobes, are cumbersome and time consuming (5) .
We have been investigating a simpler assay method for identifying intestinal bacterial species by bacterial nucleic acid hybridization. As a first step of our study, we describe here the usefulness of a bacterial DNA hybridization assay for identifying intestinal Bacteroides species. Some Bacteroides species are thought to play a role in inducing colon cancer through production of fecapentaenes, mutagens found in human feces (26) . Our final goal is to investigate the possibility of identifying persons that are at high risk for colorectal neoplasia on the basis of their fecal bacterial profile and are thus suitable targets for cancer screening and other preventive measures.
MATERIALS AND METHODS Strains. The strains used in the study were obtained from the American Type Culture Collection (ATCC), Japan Collection of Microorganisms (JCM), Virginia Polytechnic Institute and State University Anaerobe Laboratory (VPI), National Collection of Type Cultures (NCTC), or the Department of Microbiology, Gifu University School of Medicine (GIFU).
Isolation and biochemical identification of Bacteroides species from human feces. Sixty-five Bacteroides strains from human feces were obtained from R. Tanaka of this institute. These strains were isolated by R. Tanaka as follows during investigations of the flora of human feces (25) . Fresh fecal specimens were obtained from 19 healthy adult males. Initial processing of the specimens and subsequent weighing and dilution of specimens were carried out under strictly anaerobic conditions by using a modification of the method of Hungate (25) . Nonselective medium (modified VL medium supplemented with 0.5% glucose) in roll tubes was inoculated with dilutions (108 or 109) of the fecal specimens and incubated for 3 days. The composition of the modified VL medium was described previously (15, 25) . Colonies were picked in a randomized pattern from tubes that contained 30 to 300 colonies. Each isolate was characterized by Gram staining and by chromatographic analysis of short-chain volatile and methylated acids as described previously (4) . For these strain designations, the first one or two letters are the person code and the numbers refer to the isolate number.
The method used for the biochemical tests was described previously (15) .
DNA extraction and purification. Each strain used for probe preparation was grown in 200 to 1,000 ml of GAM medium (Nissui). The anaerobic techniques used were as described previously (15, 16, 20) . High-molecular-weight DNA was isolated by the method of Saito and Miura (22) .
Preparation of bacterial cells for hybridization experiments. Strains of anaerobic bacteria were grown in GAM medium. Strains of Lactobacillus and Enterococcus were grown in Rogosa medium (2), and the other facultative anaerobes were grown in brain heart infusion broth (Difco Laboratories, Detroit, Mich.). After incubation, the cells were centrifuged, washed once with 0.85% NaCl, suspended in 0.85% NaCl at an optical density of 0. Dassel, Federal Republic of Germany). About 70 strains and controls were spotted on one filter, and 15 replicates of each filter were prepared so that one could be tested with each probe. Lysis of bacterial cells on the filter and the following hybridizations were performed as suggested by the filter's suppliers. Filters were treated twice with 0.5 N NaOH for 2 min to release and fix the DNA to the filters and then twice with 1 M Tris hydrochloride (pH 7.5) for 2 min. The filters were allowed to air dry. The prehybridization solution (0.08 ml/cm2 of filter) contained 50% formamide, 1% sodium dodecyl sulfate, 1 M NaCl, and 10% dextran sulfate. The solution was transferred to a sealable plastic bag containing the filter, and ihe plastic bag was sealed and incubated with constant agitation for at least 15 min at 42°C. Denaturated salmon sperm DNA and denatured radioactive probe were added to the bags-before hybridization at concentrations of 100 ,ug/ml and 10 ng/ml, respectively. The bags were incubated overnight at 42°C. After hybridization, the filters were washed twice in 2x SSC (lx SSC is 0.15 M NaCl plus 15 mM sodium citrate [pH 7.0]) at room temperature for 5 min, twice in 2x SSC-1% sodium dodecyl sulfate at 65°C for 30 min, and then twice in 0.1 x SSC at room temperature for 30 min. For liquid scintillation counting, filters were cut up into squares, placed into scintillation vials, and counted in ACS II scintillant (Amersham).
In the experiments shown in Fig. 1 , purified chromosomal DNA instead of bacterial cell suspension was filtered onto the membrane filter. In this case chromosomal DNA was denatured in 0.25 N NaOH for 10 min, chilled on ice, diluted to the indicated concentration in 0.125 N NaOH-0.125 x SSC, and filtered onto the membrane filter.
RESULTS
To find out whether whole chromosomal DNA probes are suitable for differentiation among the intestinal Bacteroides species, 32P-labeled chromosomal DNA of B. distasonis VPI 4243 and B. fragilis NCTC 9343 (ATCC 25285) were tested for hybridization with a definite amount of purified chromosomal DNA of four strains of Bacteroides species and Escherichia coli (Fig. 1) . These probes hybridized with homologous DNA linearly, whereas no hybridization was obtained with E. coli DNA. Although these probes hybridized with DNA of heterogeneous Bacteroides species, the a 10 N t0 4.. .0 1000 hybridization counts were less than 20% of those with homologous DNA.
Then inter-and intraspecies homology values were determined by the dot blot hybridization procedure using whole bacterial cells instead of purified DNA. Chromosomal DNA probes of B. vulgatus ATCC 8482 and B. thetaiotaomicron JCM 5827 were tested for hybridization with four strains of B. vulgatus, three strains of B. thetaiotaomicrOn, two strains of B. uniformis, and one strain of B. ovatus (Fig. 2) . Although variation was observed among intraspecies hybridization counts, the results indicated that whole chromosomal DNA probes are adequate for determination of Bacteroides species by this method. Fifty microliters of a cell suspension (optical density of 0.5 at 660 nm) fixed onto the filter is a suitable amount (Fig. 2) . Table 1 shows the interspecies homology values for the 15 reference strains used for the probe preparation. These strains were the proposed type strains for each species (4, 9) . Overall, these Bacteroides species were remarkably distinct under the conditions used. None of these probes crossreacted with DNA from 10 representative bacterial strains of other genera of the intestinal microflora (data not shown). Table 2 . Determination of species was not based on the absolute percent homology value but on the species of the probes that gave the highest percent homology value. Twelve phenotypic characteristics of the 65 isolated strains and the 15 type strains were also determined. These phenotypic characteristics, i.e., the production of indole and catalase and acid production from arabinose, cellobiose, melibiose, melezitose, raffinose, rhamnose, ribose, salicin, sucrose, and trehalose, have been saccharolytic Bacteroides species (8 (Table 3) . The correct identification of these three strains requires some additional experiments.
DISCUSSION
The purpose of this investigation was to develop a simpler assay method for identifying intestinal bacteria from a practical point of view. We have been investigating the role of the intestinal microflora from the ecological viewpoint (15) (16) (17) (18) (19) (20) . In the course of these studies, we have become convinced that a simpler identification method is needed because the cumbersome and time-consuming conventional method for identifying bacterial species prevents more rapid progress in this field. A large number of fecal specimens and a large number of colonies of each fecal specimen must be analyzed for quantitative studies of the fecal microflora. Moreover, usually 70 or more biochemical tests are required for the accurate differentiation of bacterial species (13) .
Bacteroides species are the major component of the normal flora of human feces (1, 3, 5, 6, 14) . B. caccae, B. merdae, and B. stercoris were previously referred to as the 3452A, T4-1, and subsp. a groups, respectively (9) . We used 14 species of Bacteroides and M. multiacidus as probes because these species have been isolated from human feces (1, 3, 5, 6, 13). M. multiacidus is the organism formerly classified as Bacteroides multiacidus (24) . Sixty-two strains isolated from 19 samples of human feces were classified into nine species as shown in Table 3 . This isolation frequency is similar to that reported by Johnson It has been reported that phenotypic characterization used routinely for identification of anaerobes does not readily differentiate some of the Bacteroides species, for example, B. thetaiotaomicron and B. ovatus (8) . The difference between B. thetaiotaomicron and B. ovatus was obvious when we used the DNA-DNA hybridization technique (Table 2) , whereas we could not distinguish clearly between them by phenotypic characterization. Although DNA-DNA hybridization is the ideal identification procedure, classical methods for determining DNA-DNA homology are too cumbersome to be used for a large number of strains because chromosomal DNA must be purified from each of the strains to be tested. We used whole cells instead of purified DNA and used chromosomal DNA as a probe instead of a cloned probe. Although cloned fragments of DNA provided a more specific probe than the whole chromosomal DNA (10, 23) , the advantage of using a whole chromosomal DNA probe, compared with a cloned probe, has been discussed by Roberts et al. (21) . They also reported that 94% of 243 clinical strains of oral Bacteroides species were correctly identified to the species by using whole chromosomal DNA probes of five Bacteroides species. DNA-DNA homologies obtained in this study were comparable to those in the literature (7, 21 ).
An excellent technique for enumerating fecal bacterial species without culture, by using species-specific DNA hybridization probes, was recently reported by Kuritza et al. (11, 12) . However, the application of their method to any of the intestinal bacteria is limited because of its sensitivity, as they stated (11, 12) . The identification method described here seems to be one of the most convenient methods now.
We are planning to use this method for quantitative studies of the fecal flora of populations at different risks of colon cancer.
